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December, 1972

Mr. R. J. Datel
- State Highway Englneer
‘ Sacramento, CA :
Dear Sir:
Submitted herewith is the report "Evaluation of Minor

Improvements - Part 8, Grooved Pavements",

Study under general direction of . . . . . ¥W. R. Juergens
Prinecipal Investigator . . . . . « « o+ .+ . James Ivil Karr
Project Assistant. . . . . . . . . . . . . Milburn Guillory

Report by. . « . + ¢« v ¢« v v v « v v « . . James Ivil Karr

Sincerely,

é. ¢. ESTEP %

o Traffic Engineer
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FOREWORD |
The objective of this report i1s to provide some background on the State-of-the-
art of grooving pavements to prevent acecldents. It ;s basically a before-and-
after study of California's accldent experlence with grooving since its éoncept

in the eérly 1960's until early 1968.

Unfortunately, the lead time necessary to conduct the after phase of the study
prevented inclusion of the State's more current grocving patterﬁ. That pattern,
a narrow .095" wide groove on 3/4" tenters, was instituted in 1968. To allevi-
ate this shorteondng, a4 follow-up study has been initiated to study grooving
through June 1971. .The follow-up study will include some 150 lane-miles of

- grooving. ‘The follow-up report should be finalized by late 1973.

A preliminary review of data for the follow-up study confirms the wet accldent
reductions found in this report. The follow-up data shows identlical changes:

that grooving has no effect on dry acecidents one way or the other.

PRELIMINARY DATA OF FOLLOW-UP STUDY

Dry Accldents Wet Accldents
F&L PDO F&T PDO
Follow-up Study Before 677 (-22%) 925 (+43%) 171 (-71%) 237 {-53%)
After 529 1,325 Lo 112

Before 7,186

Control Section heiore [:203 (-eaz)ig:ggg (viig) 2382 (308) g:fg% (+43%)

( } percent
change

In more recent years, the motorcyecle population has lncreased considerably and
the guestion .of thelr safety on grooving has been raised rather strongly. Since
there were only 15 motorecycle accidents in this study, we were not able to
answer that question in this report. The follow-up study shows ne change in
motoreycle accident experience after grooving. The prelimlnary data showsrhs
motoreycle accidents belore and 46 after grooving despilte a tremendous increase

in the number of motoreycles during recent years.

- The investigators would like to express thelr appreciation to Mr. Bugene E.
Farnsworth of District 07, Division of Highways, State of California, for

his assistance and experience in pavement grooving.

M. Richard D. Tarbel of the National Weather Service provided the precipltation

data neceassary for determining the percent of tlme pavement 13 wet.

ClihPDF - www .fastio.com
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SUMMARY AND RECOMMENDATIONS

A, Summary

Thirty-eight grooved cement concrete projects were
studied for two years before and two years after
grooving. One other project was studied on a one-

jear-before/one-year-after basis.

The 34 lane miles of grooved pavement studied represented
California's grooving experience from 1ts conception in
the early 1960's until February 1968, All known grooving

susceptible to study was Included.

Most of the projects studied were short projects., Twenty-
three of the 39 projects were less than 1/4 mile long. |

Only 4 of the projects were 1/2 mile long or longer.

Nine different grooving patterns were studied. Current
specifications specify 3/4" spaced grooves and projects
with those spacings yielded the best reductions. Fourteen

I .
of our 39 projects had 3/4" spaced grooves.

There were 1,133 accidents in the before perliod compared
to 904 accidents in the after period. This was a 20%
redubtion in accidents despite a 17% lncrease ih traffic.
The projects were exposed to 365 million vehicle miles of
travel in the before period and 429 million vehicle miles
in the after period. (The 3/4-inch spaced grooves yielded

a 37% reduction in accidents.)

(California has over 1,200 lane miles of grooved pavement
Qf which approximately 1,000 lane miles has been completed
since early 1968. Some of the current projects are as
much as 5 miles long.)

-1-


http://www.fastio.com/

M§t paVement accidents were!most susceptible to correction
énd they were reduced 70%. Wet pavement accidents decreased
fr0m=535 accidents before grooving to 158 after grooving

aespite wetter after periods.

Dry accidents increased 28%." When allowance was made for
the experience of the adjacent sections, the Increase was
;5%. A follow-up study of some 150 lane miles of grooving
placed‘after Pebruary 1968 indicates that grooving does not

effect dry accldents one way or the other.

Fétai.accidents were cut in half. There were 21 fatal
-accidéh&s in the before period and 10 in the after period.
waever, fatal plus injury peductions were about the same
as PD@ neductions. The severity of accidents after grooving

was about 10% less than the statewlde average.

Oyéra;;, 28 of the 39 projects improved. Fourteen of
those dmproved signifidantly. Two projects significantly
worsened. There were reductlions in accidents as far as

f0;2'mi1e downstream of projects.

Little imformation could be developed relative to traffic
density, wear and4friction factors. Therefore, these

factonrns were hot studied.

California's earlier grooving indicates 1/8" deep grooves
(in cement concrete pavements) may be effective in excess

of 10 years. Life expectancy of grooved asphalt concrete

ClibPD www . fastio.com
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is pretty variable but can be more than 5 years for old,
brittle AC pavements. Grooves are belng cut 3/16" deep
at present on an experimental basis. It is hoped we

might gain 50% more life for less than 50% extra cost.

Stopping distances (from 40 mph) were some 50 feet less
on grooved wet pavement than on ungrooved wet pavement.

Grooving also tended to make skids "controlled skids".

We defined a wet pavement as any pavement that has been
subjected to 0.01" or more of precipitation within an
hour. Seasonal factors were developed from continuous
recordling weather stations and continuous recording

traffic count station data.

B. Recommendations

Treatment of the pavement by grooving should be performed
on no less than 500 feet (4). In addition, treatment
should be carried well beyond such highway features as
intersections, superelevation runoff, and sag vertical

curves when such features are near.

For most pavements, a satisfactory groove pattern would

. be 1/10" wide, 1/8" deep and spaced on 3/4" centers.

The equation: WARppm = 1.5 % 3-DARBEF should be used
to predlct after wet pavement accident rates. Dry
accident rates should be assumed unchanged and severity

should be assumed to change to a normal condition.

(_) denotes reference material - Page 53
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IT. INTRODUCTION

A. General

In the 1950's, the California Division of Highways
became aware that some sections of older freeways were
having an unusual number of wet-pavement accidents.
There were over 14,000 accidents on wet California State

highways 1in 1971. These accidents were typically skildding

accidents.
-
A prevalent driver error FIGURE 1
on wet roads is that of AVAITABLE FRICTION

misjudgling the gripping
ability of his tires to
the road. He does not
realize that when pave-
ment is wet the "grip-

ping" capacity of tires

TIRE PAVEMENT GRIP

decreases with speed,

Figure 1 shows the

opposing curves of dry

VEHICLE SPEED

and wet pavements, according

to Kummer and Meyer. (1)

Tlre-pavement interlocking values are often reduced by

one or more of the following conditions (1):

(_) denotes reference material - Page 53
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1. Pavement - polished by traffic.

2. Weather - excegsive water depth on pavement, ex-
cessive temperature, snow or ice on
pavement.

3. Vehilcle - bald tires, low tire pressures.

NASA Langley Research Center (2) has studied the phenomena
"hydroplaning". 'Hydroplaning usually results from a combi-
natiﬁn of the above three conditions. According to their
studies, hydropianing ban,be expected to occur when water
depth on the rq@drexceeds‘tire tread depth and a vehlcle's
f‘spéed3<ﬁPH) ekcéeds "10 times the square root of the tire

pr€s§ureﬂ(PSI)".

B. Anti-skid Treatments

New finishing techniques are being tried on Portland

cement concrete in an effort to increase and extend the
life of its skid resistance. Stiffer brooms and heavier
burlap drags are giving airougher‘(almost grooved) appear-
ance. Reducing the amount of surface water, reducing the
7amouﬁt of finishing and ﬁsing more improved curing compound

are adding surface strength to pavements.

Seeding the surface with slag aggregate as well as other
types of aggregates is alsSo being tried in an effort to
extend the skid resistant 1ife of PCC pavements.

() denotes reference material - page 53
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However, regardless of how much you extend a pavement's
skid resistant 1life, a day ultimately comes when the
surface becomes polished. 1In Los Angeles where some
freeways are subjected to 200,000 AADT this can happen

in less than 5 years.

One common method used by the California Division of
Highways to increase the skild resilstance of an existing
pavement is to groove the surface. The grooves are cut
parallel to lane lines by diamond-tipped blades.

District O7 (Los Angeles area) has been doing the majority
of pavement grooving in California. Thelr grooving
experience dates back to 1963. There are over 1,200 lane

miles of grooved Callfornia State highways.

Some research effort has been directed toward putting
grooves into newly constructed pavement surfaces before
they are opened to traffic. Rubber fins and steel teeth
were towed behind the pdving machine but depth of groove
could not be controlled in the plastic surface. The next
trial was to groove the pavement shortly after the plastic
stage. Two miles were grooved successfully 60 days after
concrete placement. A future project will attempt to do

the grooving 10 days after concrete placement.


http://www.fastio.com/

Another method used ih Callfornia to gain skid resistance
is to overlay the existing surface with a new surface.
This is usually accomplished with an open-graded asphalt
concrete blanket. See Part 9 of the "Evaluation of Minor

Improvements" study for an analysis of open-graded asphalt

concerete overlays.

One of oﬁr districts recently_scorched_an asphalt concrefe
surface at two wet pavement accident concentration sites
with heater planers gnd torches. Epoxy adhesives and
other surface dressihgs have been used. These all seemed
to be very effectlve “in reducing wet pavement accidents
and bear'future study. Lack of data greventé our analysis

of these miscellaneous skid treatments at this time.

‘Corrective measures are further discussed in Mr. John

CM:)PD‘ WAV f

Beaton's report (i).f”

The specific purpose of this Part 8 is to evaluate the
effectiveness of grooving in eliminating wet pavement

acecidents.

'C. ‘Length of Grooving Projects

The length of the grooved lanes studied varied from 0.04

£o 1.31 miles long. Twenty-three of those projects included
in this studyrwere less than 0.25 mile long; 34 were less
than 0.50 long. The Federal Highway Administration

recommends a minimum length of 500' for corrective work (4).

(_) denotes reference material - Page 53
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Many of the original sections of grooving have had to be
extended. Thls meant another small project when one
large (initial) project could have 'prevented" many wet

accldents in adjacent sectlons.

It would appear that a '"spot" concentration of wet accidents

is often a cue of an area problem in its initial

stage.

D. Groove Dimensions

The spacing of our grooving patterns varied from 3/8"
to 1". 8palling was a major problem with the narrower
spacings. The 3/8" and 1/2" spacings had extensive
spalling while there was only slight spalling at the
3/4" spacing. Except in "Chains Required" areas,
grooved areas with 1" spacings did not spall. Coeffi-
cients of friction were considerably less for the 1"
spaced grooves than for either 1/2" or 3/4" spacings.
Since the 3/4" and 1/2" spacings héd about the same
coefficient of friction; the 3/4" spaced grooves seem

preferable (5).

(_) denotes reference material - Page 53

-9-

ClihPDF - www .fastio.com


http://www.fastio.com/

ClibPD _

A 1/8" groove depth and width seem sufficient. Most of

our patterns were within t1/16" of this 1/8" in both

| width and depth. This corresponds to results found by

the British Road Research Laboratory (6). They stated
in part "...grooves (in tire tread) 2/10" wlde gave very
good results. No further improvement was evident if the

grooves were made still wider".
California's current grooving specification states in part:

M, ..Grooving bladeS'ghall be 0.095 inch wide
f0;003" and shall be spaced 3/4 inch on centers.

~ The grooves shall bé cut not less than 1/8" nor
more than 1/4" deep. The grooves on bridge decks
shall be cut not less than 1/8" nor more than

3/16" deep..."

See Appeﬁdig&B for the complete Special Provisions for

grooving exlsting concrete pavement.

T™wo of our study projects had grooves cut 3/16" deep.
District O7 (Los Angeles area) engineers are specifying
3/16" as a minimum depth during the early months of 1972.

This could forstall regrooving at least another five years.

fAnother possible concept that could change futuré grooving

specifications might be to allow grooving of any areas that

 are smooth or poiished as a result of grinding or "bump

"(_) denotes reference material - Page 53
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in less than 2 years. The State of Colorado (8) had
much the same loss of grooves on cement concrete pave-

ment. There, the wear was attributed to studded tires.

The effect of a concrete pavement's aggregates on the
1life of grooving was not included in this study.
However, most of our grooving experience was based on
freeways in the Los Angeles area and the aggregate
in that area 1s generally softer than throughout the
rest of the State. |

California uses 10 years as an estimated life for cement

1"

concrete pavements grooved 1/ deep.

(_) denotes reference material - Page 53
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TRAFFIC VOLUMES AND RAINFALL

A, Traffic Volumes

All but one of the grooved cement concrete projects were
studied for 2 years before and 2 years after grooving.
During the 2-year interval between centers of the before
and after periods, traffilc increased about 17% at our pro-
ject sites. There were 365 MVM's during the before
periods and 429 MVM's during the after periods. Annual

MM's of exposure are shown on Figure 2.

Total traffic exposure of our projects was determined by
taking the average ADT of each before and after perilod
and using each of those annual ADT's for the appropriate

period.
B. Rainfall

In addition to an lncrease in traffic, there 1is another
major factor to consider - weather. Analysis of adjacent
sections and comparison of wet exposures should account for
much of weather's effect on accidents, Filgure 2 was
developed from a samplé of 50 weather stations. They may
or may not be representative of average annual rainfall

in California; however, the point of interest to us 1s the

year-to-year change in weather and these 50 weather stations

indicate this change.

The bulk of "before" study periods was during the 3 years
1965—1967. By our Figure 2 these years were about average.
On the other hand, most of the "after" study periocds were

during the wetter years 1968-1969,

-15-
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cC. TréfficTExposed to Wet Pavement

Grooving is done to correct a wet accident problem.
Therefore, a measure of wet exposure or the number of
vehicle miles on wet pavemént becomes a parameter not
Heretofore considered in the "Evaluation of Minor
Improvements" study. Another report, "A Method to
.Determine the Exposure of Vehicles to Wet Pavements", (9)
goes into the details bf developing wet exposures for

" this project.

Basgically, U, 8. Department df Commerce environmental
data (I0) was used to identify the number of hours
having 0,01" or more rainfall at some 350 continuous
recording weather stations in California. An isohyetal
map of Callfornia was.developed'with'lines through
points of equal percent of time that ﬁhere was 0.01" or

- more precipitation (See Figure 3).

Since California's weather and traffic are seasonal with
peaks at opposing times of fhe year, we had to adjust
the "percent of wet time" indicated by Figure 3. In
Formula, wet exposure bécomes:

WE =K - PwO_Ol- AADT -+ T - L (Eq. ITT-1)

WE = wet exposure (million vehicle miles)

K = 0,86 for California 'statewlde’; K approaches 1,0 -
for. urban roads; and 1.1 for desert roads:

Fwglol = ratio’'of wet time (decimal)

AADT = average annuil daiiy traffic (million vehicles)
T = time length of study pericd (days)

L = length including 0.2 mile downstream (miles)

- {_) denotes reference material - Page 53
| ﬁ16_
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Figure 3

PERCENT OF TIME
PAVEMENT IS WET

Wet condition assumgd when
hourly rainfall Z 0.0l

Values based on |l year
average (1957-1967).
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ﬁhén monthly ADT's aré;known, Equation III-1 can be sensi-
tive to seasonal fluctuatlions in traffic by substituting
: "0.98(1-0.44R)“ for "K". Wet exposure would then be:
WE = 0.98(1-0.44R) - Pwy o7 + AADT + T-L (Eq. III-2)

The seasonal factor "R" is defined as the average summer
month minus the average winter month divided by the annual
average daily traffic.l Or, expressged in terms of all

monthly counts the eqﬁﬁtion form becomes:

R = (ECsn) - (ZCynm) (Eq. III-3)
6 - AADT -

where Y C,. is the sum of the MADT for the six summer
months, May through October; and 3 Cyp is the sum
: of the other slix MADT's, .
"EXAMPLE
An urban freeway in Los Angeles has the following MADT's:
| Jan (131,924) ‘May (117,422) Sep (145,291
Feb (107,788 .Jun 109,680 Oct (110,315
Mar (101,712) “Jul (139,608) Nov (120,696
Apr (103,776 Aug (161,169 Dec (113,157
Tf we had not knbwn the'MADT's we would have assumed K=1
for an urban area and Eq. III-1 would have been:
WE = (1) - Pwg g1 * AADT + T oL
However, we can compute‘"R" from the above data. The
sum''of the six summer months is 783,485 vehicles; and
the sum of the six other months is 679,053 vehicles.

 The AADT is 122,016. By Eq. ITI-3, R = 0.14.

By Eq. III-2 wet exposure is WE = 0.98(1-0.44.0.14) -
Pwo,01 * AADT - T * L or, when reduced:
WE = (0.92) * Pwg,01p * AADT + T « L

-18-
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IV. CEMENT CONCRETE GROOVING

A. General

This study consisted of before and after studies of 39
grooved cement concrete projects. All of the study
periods were 2 years long, except for 1 project which
was 1 year long. Nine groove patterns were analyzed
N | (See Figure 4). AdJacent sections were analyzed to
indicate the effects of the wetter after periods and
more traffic exposure after gfooving. 2,037 accidents
were included in this sﬁudyvﬂﬂxﬂlhad a traffic exposure
of over 794 million vehicle miles. Appendix A explains
the approach-to these before/after analyses of the

Evaluation of Minor Improvement study.

Generally, all lanes were grooved. Only 4 of the 39

grooved cement concrete projects studied had less than

all ianes grooved,

We found that grooving dividends extended about 0.2 mile
downstream of the limits of grooving (See Figure 10, page 58).
Thus, the aceildents studied (and credited to and agalnst
grooving) include that section of ungrooved pavement

0.2 mile downstream.

-19-
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Figure 4

CEMENT CONCRETE GROOVING PATTERNS

STANDARD PATTERNS
axbzxe

c . 1/8 I x 1/8 Hr x 1!!
* . 1/8"X 1/ " x 3/ r
l —_ 178 x 3/16''x 3/4"

| } 3/16'x 3/16"'x 5/8"
I 1/8!' x 1/8"! x 1/2”
NS -
a

1/8" x 1/8""- x 3/8"

MISCELLANEOUS PATTERNS

156 l 'I'..szq’" } 5716 l-:l_sflsj' : s
" ) 3/8”

- STYLE #9 : 3/16” x 18" x ¥8"

e

" STYLE 15
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B. Grooving Dividends ‘

Qur 39 projects had a total accldent rate reduction of
32% and a wet acclident rate reduction of 73%. Table 1
summarizes the results of the cement concrete grooving

projects and their adjacent sections.

The treated sections had an average total accldent rate

(after) of 2.1 acc/MVM while the wet accldent rate dropped

from 50 ace/MVM to 13 acc/MVM.

The adjacent sections of 30 projects had a wet accldent rate

of 13. The only significant change in the adjacent sections

was the significantly greater number of after wet accidents.

(Accident data was not on file for adjacent sections of
9 grooved projects. However, those 9 projects without
adjacent sections were short sections - a total length

of 1.64 miles.)

Tt was suspected that most "not stated" conditions were
dry conditions. The miscellaneous condition included snow,

flooded road, muddy, oll and loose material situations.

21~
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'TABLElI
CEMENT CONCRETE GROOVING SUMMARY

Accidents Accldent *¥¥Rates Rate
Before After Change Before After Change

Grooved Sections (39 sections)

Wet
*Dry
Mise
Total
MVM:

- Wet

'*Dny

Mise.
Total
MVM

535 -158 ~70% 4g.54 13.17 -73%
560 715 +28% 1.58  1.72 + 9%
38 31 ~18% . aes -
1,133 904 -20% 3.10 2,11 -32%
365 429
_ (+17%)
Adjacen£ Sections (30 secti@ns)
101 148 +U7% 9.44 12.98  +38%
533 584 +10% 156 1.6 - 6%
16 22 +37%  --- e
650 754 +16% . 1.85  1.83 - 1%
o1 (ﬁ%é)‘

* Dry accidents include "not stated" accidents

** Dry exposure equals estimated total exposure less the
calculated wet exposure. Miscellaneous accidents are
NOT included in either Dry or Wet aceident rates.
(Rates are accldents,/MVM).

-0D-
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Table 2 summarizes the change in anticipated accldents based
on adjacent sectlon accidents. The reduction in wet and
total accidents by calculating anticipated after accldents
was 80% and 38%, respeétively. The anticipated change in

dry accidents was a 15% increase.

A follow-up study of a later, much larger sample is
. indicating an anticipated 59% reductlon in wet accldents
and no change in dry accidents. gee the "Foreword" for
preliminary.data of follow-up study. Dry accidents are

analyzed further beginning on page 33.

TABLE 2
ANTICIPATED CHANGE IN ACCIDENTS
ON CEMENT CONCRETE GROOVED SECTIONS

Anticipated
Actual *Anticipated Less Actual Anticipated
Type After _After Acc. After Acc. - Change
Wet 158 784 ‘ 626 -80%
Dry 715 622 93 +15%
Total 904 *%1 ,458 554 -38%

*Assumes same percent change in accidents would have
occurred in treated sections as did occur in adlacent
sections. For example, from Table 1, there were 46.5%
more after wet accldents than before accidents in the
adjacent sectlons:

. 148 - 101 _ 4¢ 5¢ increase in wet accldents of
101 adjacent sections

535 x 1.465 = 784 anticipated after accidents

*%Since the proportion of wet to dry accidents of the
treated sections 1is different than that proportion for
adjacent sections, the anticlpated total after accldents
15 assumed to be the sum of wet, dry, and miscellaneous
anticipated.

-23-
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If anticipated accidents or rate changes are not used,
caution should be used when relating accident reductions.
A l-year before and after study will have different reduc-
tions than a 2-year before and after study simply because

of an increase 1in traffic during the study periods. A

conglomeration or mixture of before and after studies

having varying lengths of time may not give you much!

If you look at,the 39 projects individually, we see that
grooving is not a cure-all even though the overall accil-
dent reduction is significant. There were 1l projects

that did not improve (See Figure 5).

C. Significance

Significance was measured by the Chi Square statlstical
test. The lnerease in traffic was taken into account by
using "exﬁected accidents". The Chl Square test was used
at a 10% probability‘level and oné degree of freedom.

(See Appendix "A" for background.)

Table 3 summarizes the plots of Figures 64 through 6D.
Five percent of the treated sections worsened signifi-
cantly while 35% improved significantly. Seventy-two
percené of the treated projects improved. The same number
of adjacent projects worsened as improved; 14 adjacent
projects worsened, 2 had no change, and 14 improved in the
after perilod.
-25-
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spaced patterns still had good reductions but not nearly
that of either 3/4" pattern. It would appear that the
extra depth of the 1/8 x 3/16 x 3/U4" pattern had no
particular effect except perhaps additional life to the
grooving. Three—sixteenth—ihch deep grooves are being
specified at the present in the L.os Angeles area where

pavements are subjected to conslderable more wear.
TABLE 4
ACCIDENTS BY GROOVING PATTERN ON CEMENT CONCRETE

Wet **Dry *Total Percent Change

Pattern B A B A B A Wet Dry Total
1/8:1/8°1(7) 37 14 o2 o5NS 73 63NS .62 1y -1
1/8:1/8:3/4(12) 322 84 259 279"° 590 365 -4 +8  -38
1/8+3/16-3/4(2) 32 4 54 s58N8 88 62 -88  +7 -30

3/16-3/16-5/8(2) 13 5 11 148 26 20N 62 427 -23
1/8+1/8.1/2(6) 112 38 191 291 308 330M8 66 452 +7
1/8+1/8-3/8(7) 9 8¥8 10 32 ol 43 -11 4220 +79
Miscellaneous(3) 10 SN 13 168 o234 21N .50 423 -l2

* TIncludes "miscellaneous" accldents

#% Includes "not stated" accidents

B = Before; A = After; ( ) Ihéicates number of projects
. NS - Not significant (See Figure 6)

Patterns were: width.depth.groove spaclng

Figure 7 illustrates the variation in wet acecident rates

by groove spacing. Again the 3/4" spacing was superior,
even thoﬁgh those sectlons had next to the highest before
rates. The higher before accident rate of the 1" spacing
perhaps explains why its after accident rate was still
higher. The after wet accident rates of all the categories,

except 3/4", were in the approximate range of 17 to 20.

-31-
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The after wet accident rate of the 3/4" patterns was not
much lower than_the average after wet accident rate of 13
acc/MVM. Many of the individual projects had after wet

accident rates around 12 acc/MVM.

The sample 1s small and we would have been hard pressed in
defining a difference between the two 3/4" patterns. The

smaller spacings did not seem to yleld good reductions at

all.

E. Dry Pavement Accldents

There were more dry accildents after grooving; even after
allowing for traffic increases. However, as indicated
earlier in Table 3, there were the same number of improved
aé worsened projects. Those projects with a high number
of dry accidents and substantially more after dry accidents

were analyzed further.

All types of vehicles, except pilckup and panel types, had
a proportionate increase in accidents in the after period
(See Table 5). Pickup and panel vehicles represented 4%

of the dry before accidents but 8% of dry after accidents.

There were more total accidents after grooving on these 7

projects; yet, the number of severe accidents decreased.

There were 154 fatal and injury accldents before grooving

and 142 after grooving.

-33-
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'TABLE 5
VEHICLES INVOLVED IN DRY ACCIDENTS
ON 7 CC GROOVED PROJECTS
(Projects Nr's. 11, 22, 26, 29, 30, 41, 42)

Percent Percent
Accidents of Acecldents of

Type of Vehicle Before Bef-Total After Aft-Total
Standard Cars i13 644, 189 59%
Small Cars 49 284 390 28%
Pickups and Panels 7. 4% 27 &%
‘Total Passenger 169 96% 306 95%

- " Traectors and .

Semitrailers 3 % 5 %
Prucks 3 2% 7 %
Busges - - - -
Total Commercial 6 *339 12 4%
Motoreycles 1 % 3 1%

**¥Total Vehicles 176 100% 321 100%

Pilckup and Panels
Invelved in Ace., on
Adjacent Sections 40 42

* Based on total commercial vehicles

** Type of vehicle was not defined in 7 before and 8 after
accidents

gy
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The inference of this project's data that dry accidents might
be more numerous after grooving contradicted loglec! A sample
of 158 more lane miles of grooving was analyzed. This larger
sample's change in dry accidents was identlcal to its control
section. That is, there was neither an increase or decrease

in dry accidents as a result of grooving.

F. Severity of Accidents

- Table 6 illustrates the severity trend. The fatal category
had the largest decrease of any of the categorles. There

were less than half as many fatal accldents after grooving

than before grooving!

The prqportion of the various types of severlty is shown in
Figure 8. Fatal and injury accidents amounted to 41% of
the before grooving accidents and 37% of the after grooving
accidents. The Statewide percentage for full freeway (and
33 of the 39 projects were that) fatals and injuries is
39.6%.

Table 6B compares the experience of our grooved sectilons to

~ the expected ranges of severity on a statewide basis. There
were more before fatals than expected but a normal percentage
of after fatal accldents. The percentage of fatal plus Injury
accidents were normal before grooving and slightly below the

éxpected range after grooving.

=35~
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TABLE 6

SEVERITY OF COLLISION - TOTAL ACCIDENTS ON GROOVED CC

TABLE 6A
ACCIDENT AND RATE CHANGES

Accidents Accildent *Rates Rate
Before After Change Before After Change

Grooved Sections

" Patal 21 10 -524% 0.06 0.02  -674%

Injury 437 326 ~-254 1.20  0.76 -37%
F+ I 458 336 -27% 1.25 0.78 -38%
Pdo 675 568 ~16% 1.85 1.32 -~29%
Total 1,133 Jok ~20% 3.10 2.11 -32%
Adjacént Sections

Fatal 7 1185 57 0.02  0.03 +50%
Injury 24 262NS 4+ gg 0.69 0.6 - T%
F+ I 248  273NS 1107 0.71  0.66 - 79
Pdo: Lo2 481NS ooy 1.15 1.15 + 2%
Total 650 75485 116% 1.85 1.83 - 1%

TABLE 6B

EXPECTED RANGE OF ACCIDENTS ON GROOVED
FULL FREEWAY -BY SEVERITY BASED ON THE
STATEWIDE PERCENT OF SEVERITY FOR
FULL FREEWAY AT AN 85% LEVEL OF
CONFIDENCE WITH THE POISSON DISTRIBUTION

Actual Expected Actual Expected

‘Before Before Range After After Range
Fatal ' 6.to 16 10 L o 14
Injury 43% 418 to 480 326 330 to 386
F+ I 45 428 to 492 336 339 to 395
Pdo 675  .635 to Til 568 499 to 575
5Total 1,133 904

% Rates based on total exposure (acc/MVM)

NS Not significant (See Figure 6).

-36~
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Figure 8

ACCIDENT SEVERITY - TOTAL
GROOVED CEMENT CONCRETE

INJURY — AFTER (36%)

INJURY —~ BEFORE (3%9%)

FATAL
BEFORE (2%)

PROPERTY DAMAGE ONLY
BEFORE (59%}

PROPERTY DAMAGE ONLY — AFTER (63%)

STATEWIDE FATAL & INJURY
PERCENTAGES FOR FULL
FREEWAYS (F = 1%; | = 39.6%)
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G¢. Type of Accidents

The next question is: What is happening by type of
accldent? Table 7 summarizes 4 types of accidents
(rear-end, head-on, hit-object and miscellaneous).

All 4 types of accidents were reduced fairly uniformly

.in the wet pavement accldent category. The deviation

from the average 1n the dry pavement accldent category

was hit object and, unfortunately, miscellaneous.

It Is our contention that grooving "tracks" cars and keeps

them on the road. S0, instead of skidding off the road and

-hiﬁting a fixed object, more of the out-of-control vehicles
‘¢ontinue along the rodd's alignment and collide with

éanether vehicle, Thus there was 10% less hit object but

8% more rear-end accidents.

The miscellaneous type of accidents increased too much!
Miséellaneous accidentswerel) noncollision, 2) broadsi&e,
3) pedestrian, 4) overturned and 5) other or undetermined.
A random check was maﬁe of 30 of the larger Portland cement
gencrete projects. Ohly 2 categofies of miscellaneous
dccldents deviated from the trends of Table 7. They were
4) overturned, and 5) other or undetermined of the “dry"

gcecldent type.

-38-
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TABLE 7
TYPE OF COLLISION
GROOVED CEMENT CONCRETE

Accidents Aceldent *¥Rates Rate
Before After Change Before After Change

- Total Accidents

Rear-end 381 362 - 5% 1.04 0.84 -19%%

) Head-on 15 8 ‘-47% 0.04 0.02 -50%
Hit Object 623 377 ~3% 1.71 0.88 -49%
Miscellaneous 114 157 +38% 0.31 0.37 +19%
Total 1,133 904 ~20% 3.10 2,11 -32%
*Dry_Accidents
Rear-end 235 205NS  +26% 0.66 0.71 + &%
Head-~on 6 NS 179 0.02 0.02 0%
Hit Object o5l 27INS 4 % 0.72 0.65 -10%
Miscellaneous 65 145 +123%  0.18  0.35 +94%
Total 560 718N 400 1.58 1.72 + 9%
Wet Accidents A

) Rear-end 135 57 -58% 12.50 4.75 -624%

. ' Head-on ' 7 1 -86% 0.65 0.08 -88
Hit Object 353 90 -75%  32.69 7.50 -77%
Miscellaneous Lo 10 -75% 3.70 0.83 -78%
Total 535 158 -70%  49.54 13,17 -73%

*Includes not stated accidents
*¥Rates are based on total exposures {acc/MVM)
NS - Not significant (See Figure 6)
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he "overturn” accideﬁ£s increasell sslightly on dry pave-
ment (24 to 35) in our sample. This was understandable
gince the grooves could‘tend to frip a car skidding across
them. (I might note hére that the wet pavement condition

of these same projects ylelded 8 before overturns to U4

after overturns.)

The "other or undetermined" type increased from 20 before
@Ay accidents to 77 afﬁer dry accidents. A perusal of -
ﬂﬂaase-9? accidents revealed there had been a change in
;aéc@dent reporting in the after period; Some law enforce-
ment zones in the southern part of the State began using

a very abbreviated repoft form for minor '"property damage
only" accidents in early 1969 (during the "after" period
of our study). Sevéntyeone of the above 77 after accidents
were of thls type. There is no description or sketch of
these accidents. It was not possible to categorize these
fshort form" accidents. We suspect that more “"minor" acgi-
dents were reported after the introduction of the short

ﬂorm than were before its avallability.

This change in reporting does leave us with one observation,
however. There 1ls not a 1ike lncrease in wet-miscellaneous
accldents. 1In féct, tHhe reduction in wet-pavement miscel-
laneous accidents is about the same as that for the wet-

pavement total change. ™
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Pigure 9 shows these same Y} categories as a proportion
of the total. The hit-object type decreased while rear-end
and miscellaneous types increased. The head-on type of

accident did not change.

We theorized above that the increase in miscellaneous
accidents was due to an increase in minor property
damage accidents of undetermined type on dry pavement.
We cannot determine their.type but we might suspect the
usually less sevére "pear-end" type.of accident (which

had also increased).

H, Alignment

We looked at the allgnment of our 39 projects but there
were too many combinatlions to really analyze them 1n

depth.

The pfojects seemed prettj well distributed by horizontal
alignment with no particular direction or size of curve
more prevalent than another. It would appear that curves
to the right might be more sensitive to wet accldents as
they had higher before and after wet accldent rates, This
could possibly be caused by the dynamics of a vehicle
(i.e., torque of motor). It could be the fact that a
driver sits on the left side of his car and has a better
feel for curves to his left. In addition, the right lanes

are exposed to more traffic wear.
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Figure 9

TYPE OF ACCIDENTS ON
GROOVED GEMENT CONCRETE

HEAD-ON

HEAD-ON
"~ BEFORE (1%)

REAR END — BEFORE
(342)

MISC.
BEFORE
(10%)

HIT OBJECT ~ BEFORE
(55%)

HIT OBJECT — AFTER (42%)
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Except for small radius right curves, the after wet
accident rate drops to between 5 and 6 accidents per MVM

dn level and miscellaneous vertical grades.

Approximately 2/3 of our projects had 1% or 1ess grades.
Downgrades showed little change after grooving but had
low wet accident rates to begin with. Upgrades and
level sections had about the same reduction, that is,

5% to 80%.

Upgrades had higher wet accident rates before and after.
This is not too surprising! Skidding and loss of control
is related to the available "grip" between pavement and
tire. Part of that grip is required for tractlon or power

transmitted through the tire when you go upgrade, thus

reducing your margin of safety.

I. Density

The density of traffic must have some effect on accldents
so we compared projects by vehicles/hour/lane. About |
85% (33) of our projects carried less than 1/2 capacity.
The accident reduction was greater for fthe heavier

traveled roads.

J. Frietion

This study was not set up to study friction factors. As
a consequence, very few factors were available for

analysls., Those values that were avallable would not
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Pelate to accldents at all. Secti®ns with higher friction

factors did not always yield better reductions.

There were initial increases in friction after grooving

but that was likely caused by the sharp edges of new grooves.
The edges were usﬁally worn down by traffic in short order
and "f£" returned to abqut what it was before. Before fric-

tion values rahged between 0,20 and 0.30 for those few

gsectlons where they were available.

Howewer, éfﬁet accident reduction still occurred despilte
11tthe change i# ;rictioh factors; probably because escape
pﬁ%h; fpr'water were creéted by the grooves. Secondly,
Tongitudimal grooves probably act as mini-raillroad tracks
Providing resistance against lateral movement. (Transverse
fg%oﬁves would not have done that.) The tread in the pave-
ment -redeems to some degree those drivers with not enough

sénse té have tread on their tires!

)

T
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V. ASPHALT CONCRETE GROOVING

California has a few grooved asphalt concrete pavements in
service and 1s beginning to groove more asphalt concrete
surfaces. Grooving of very brittle, older asphalt concrete
sﬁrfaces haskbeen successful. The same eguipment and con-

u ’ struction methods are used to groove asphalt concrete as are
used to groove cement concrete surfaces. Probably, the
success of grooved asphalt concrete was due to the fact
that the aggregate was grooved in the process. Asphalt
does tend to flow back into the grooves of soft, new
asphalt concrete and bleeding asphalt concrete pavement

will continue to bleed and slicken after grooving.

Two sections of asphalt concrete in the Los Angeles area have
been grooved 5 years. They should stand up for at least two
more years. The State of Colorado (8) had less success on a
section of asphalt concrete overlay. It kneaded over in 4

months but was not full-depth, old asphalt concrete.

Four of California's oldest grooved AC sections were
studied. All 4 treated AC projects improved, and im-
proved significantly. Two adjacent_sections improved and

2 worsened,

(_) denotes reference material - Page 53
wli5 e
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fTh; aceident reduction was greatﬁ% ¢h these U4 sections
of asphalt concrete than on cement concrete. Wet
accidents were reduced 80% while total accidents decreased
46%; And, traffic did nodt increase nearly as much as it
had within the CC sections studied. There was only 6%
‘more traffic in the after periods of the 4 grooved AC

projects.

We suspect that the redué¢tions de#eloped from the 39
grooved cement concrete projects would be more appli-
cable to'gfoovedkasﬁhalt'concrete projects in general
.nthan those reductions obfained from 4 grooved asphalt

concrete projects.

If‘hd‘pavement is to be éfooved, we recommend that those

?esults obtained from thg.study of grcoved cement concrete

pavements be applied to grooved asphalt concrete pavements

except for the groove_liﬁe. The 1life of grooves in AC is
= ‘ﬁefy_speculative and coﬁid 1éstlfrom a few months to as

much as 10 years.’ Ca;ifornia uses 5 years.
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VI. PREDICTING ACCIDENT REDUCTIONS

The 3/4" spaced grooving gave the best results and is our
current specification. Since 14 of our study projects

were on 3/4" spacing we confined our pursuit of a predictor
to these projects. Closer analysis showéd one project,
Project #l1l, to be completely out of line with the others

and it was dropped from the following analysis.

Some 58 variables of traffic and weather characteristics
were submltted to multiple regression analysié to determine
which parameter would best predict after wet accidents.

The best fitting linear relationship took the following
equation form:

}N‘ARA = 1.32 + 3-DARB (Eq. VI-1)

where WARA is Wet Accident Rate After; DARg 1s Dry Accident
Rate Before.

The coefficient of correlatioh squared (r2) was 0.67, and
the standard error of estimation was 4.2. Thus; using
DARp as a predictor of WAR, wlll reduce the total sum of
squares of\deviations by 67%. Two-thirds of the after wet
accident rates can be expected to be within 4.2 of the

. predicted value.

The before period traffic exposures are determined by first
calculating the actual number of hours of 0.0l inch or more

precipitation in the vicinity of the proposed project.

47
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Converting this to percent of wet #iime gives (Pwhctual) which
‘can be used in Equation III-1 from page 16 for wet exposure.

Dry exposure is total éxposure less wet exposure.

The expected wet accident rate after grooving is calculated

by Equation VI-1 and subtracted from the before wet accident

rate to determine the wet accidents eliminated per wet

pavement MVM. “After' wet travel is based on a PWO .01

haken from Figﬁre 3 onﬁpage i7.

Based on the data presented in the "Foreward", it is
wssuned that grooving has no effect on dry accidents.

Unkess there are extenuating circumstances such as an

wnusual number of dry pavement, skidding accldents,

#ry accldent rates should not change after grooving.
JIhe tracking effect of the longitudinal grooves can

reduce dry pavement, skidding accidents.

Another premise is that bthe severity of accidents will be

"simiiar to Statewide aﬁerages after grooving. (Our study

indicated slightly lower severities than Statewide averages

but not significantly lower severities at an 85% confidence

tevel of the Polsson Statistical Test).

‘Lastly, Equation VI-1 is based on data that includes 0.2

mile of ungrooved pavement downstream of the proposed

sgrooving. To ignore the accident reduction in this 0.2

mile will discount some of the benefits derived from greoving.

_4U8-
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Co1. 1 2 3 4 5 6 7 8
[TOTAL % WET- | DRY NO. OF [NO. OF | WET DRY
{TRAVEL | WET |TRAVEL {TRAVEL | WET DRY ACC. ACC.

METHODOLOGY

The first step, of course, is to locate a wet pavement
problem. Low skid numbers might suggest a locatilon

should be evaluated. A concentration of several wet
pavement, skildding accidents is also a good indicator.

If the percent of wet éccidents‘for a section of road is
higher than the Statewide or afea percentage, investigation
is needed. Once the iimits of a proposed project have been

established, Figure 10 can be completed to determine

accldent reductions.

FIGURE 10
REDUCTION IN WET PAVEMENT ACCIDENTS

MVM | TIME MVM MVM__ |ACC/YR, |ACC/YR.|RATE RATE
()} Actual BqITIT-IN1-3) ¥lizzzzyizz7Zz3 (583) | (6%3)

) LU L L.L Le ] . L=
EXPECTED | EXPECTED |EXPECTED 'REDUCTION NO. OF
% WET WET TRAVEL| WET AcCC. IN WET WET ACC.
TIME MVM RATE ACC. RATE RED/YR
TiG. 3 | Q. IIL-T D) (7-11) (10 x 12)

(a) Total Travel = AADT x Study length x 365 days

(b) WAR, = 1.32 + 3 x DARg where DARp is Col. B

Equation IIT-1: WE =K + Pwg, 01 * AADT + T * L
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Tﬁé;hext step 1s to determine the. Life of your grooving.
California uses 10 years for CC pavement and 5 years for
old, brittle AC pavement grooved 1/8- inch deep. Soundness
of aggregate, traffic exposure and condition of pavement

have to be taken into consideration.

California allows fdr changes in traffic by calculating a
volume correction factor {VCF). The VCF is the average
AADT for the expecﬁed life of'thé grooving divided by

the present AADT.

The total number of wet accildents reduced is:

' Total accldents reduced = VCF x Grooving (Eq. VI-2)

Life x Annual Accident Reduction

NOTE: Since we assumed no change in dry accidents, the
number of wet accldents reduced 1s also the total number

of'aécidents reduced.

:4::'_: 5 0-
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SAMPLE CALCULATION

We suspect a sectlion of urban freeway in central Los Angeles
County to have a wet-accident problem. We propose to use
the current 0.095" x 0.125" x 0.75" grooving pattern on
this tangent section of Portland cement concrete. The
following information is known about the before perlod:

AADT is 103,000 veh/day;

- length of project is 0.85 mile;
seasonal factor (R)** 1s zero;

study period 1s 3 years.

108*
132*

wet accidents
dry accildents

i

Actual wet time 1s 44

The following Information was estimated for the after

period:

Life expectancy of grooving is 10 years;
AADT 10 years henee is 157,000;
By Figure 3, PWO.Ol = 2.5%.

Figure 10 will be completed as follows:

¢ol. 1 Tot. Tvl. = 0.103 x (0.85 + 0.20) x 365 = 39.47 MM
Col. 2 Pw = 0.04 (given)

Col. 3 Wet Tvl.

fl

0.98 (1-0.44 x 0) x 0.04 x 39.47 = 1.55 MVM
39.47 - 1.55 = 37.92 MVM |
. Col. 5 No. of Wet Acc/¥r. = 108+ 3 = 36

44

Col. 4 Dry Tvi.

i

Col. 6 No. of Dry Acc/¥r. = 132 + 3

i

*Includes accidents 0.2 mile downstream.

*% The average summer month's MADT equaled the average winter
month's MADT, therefore there was no seasonal change in
traffic. I we had not known MADT's, we would have assumed
K=1 for an urban freeway.

-51-
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Ris

" gol. 36 = 1.55 = £3.23 Acc/MVM

T WARp =
Col. 8 DaRp = 44 +37.92 = 1.16 Acc/MVM
Col. 9 Pugy = 0.025 (given)
Col. 10 Wet Tvlgy = 0.98' (1-0.44 x O) x 0.025 x 39.47 = 0.97 MVM

Col, 11 WARgy = 1.32 + 3 .x 1.16 = 4.80
18.43

Col. 13 No. Wet Acc. Red/Yr. = 0.97 x 18.43 = 17.9

‘Col. 12 WARgpp = 23.23 - 4.80 =

ol, 1 2 3 ﬁ 5 &) T o]

ITOTAL ~ | wET | DRY | NO. OF [NO. OF | WET DRY
\TRAVEL | WET |TRAVEL [TRAVEL | WET DRY ACC. ACG.
MVM TIME MVM MVM  |ACC/YR. |ACC/YR.|RATE RATE
L~ (8)| Actuwal|EGITT-INI-3] ¥l zzzzzzzzzzz4 (5:3) | (0:3)
39.47| 0,04 | 1.55{37.92| 36 44 | 23.23 | 1.16
9 LU RN _ L L
EXPECTED | EXPECTED |EXPECTED REDUCTION NO. OF
% TWET WET TRAVEL| WET ACC. .| IN WET WET ACC.
| TIME MyM RATE ACC. RATE RED/YR
[FIG. 3 | Eg. LI1-1 b T (7-11) (10 x 12)
1 o.e25 0.97 £,80 18,43 17.9

VGF = (0.157 + 0.103) = (2 x .103) = 1.26

Total accidents reduced by grooving this project would

be: 1.26 x 10 x 17.9 = 225.5 accidents.

225.5 accldents

52w
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APPENDIX 3

EVALUATTON OF MINOR IMPROVEMENT STUDIES
222 VN OF MI

study, These were then classifieq and analyzed. The

Part Title Date Published
~art Lfrbie ——=—Vlished

1, Flashing Beacons May 1967
2. Safety Lighting May 1967
3 Delineation Jul 1967
4 Guardrai;] Jul 1967
5. Left Turn Channelization Oct 1967
6. Signs May 1968
7 Traffie Silgnals Apr 1970
9. Open Graded Asphalt Concrete Jan 1972
Overlays
10, Miscellaneous Jan 1972

B. Study Objectives
The 3 Objectives of the ”Evaluation of Minor Improvements"

study were:

improvement Projects,

~55
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No "“cost per accident preduced" andiljfsis has pbeen made hereln.
California's methodology to determine savings due to pre-
 dicted reductions in accidents is described in another

ifpublication of the Division of Highways.(11)

C. Study Methodology

‘'The "pefore™ and'"after"-accidents and accident rates were
coﬁpaped; The “accldent rate" was simply the number of

' ,ccidents related to vehlcle exposure. (Million vehicle
miles were used except for spot or intersection improvements

where humber of all entering vehlcles were used.)

To avoid bias due to seasonal fluctuations in accidents,

the same calendar months were used in the befbre and after

periods when fractional parts of any year were used (e.g.:
. May 1966 to December 196I7Before; and May 1968 to December
" 1969 After). “

In before and after studies the possibility always exists
' that a project may be initiated because of an unusually
short time peak accident experience. The peak might be a
“téﬁbdrary" condition in the pefore period or mérely a
raﬁdbm.fluctuation of accidents. In such cases, even 1if
nothing had been done, an_accident veduction would probaﬁly
D have been observed in thei“after" period (regression to the

mean theory).

() denotes reference material - pPage 53
-56~
ClibPD

www . fastio.com


http://www.fastio.com/

The possibility of such an influence was investigated and
it was found that most projects were the result of sus-
tained high levels of accildent experience. Additionally,
the time interval between recognition of the problem and
the beginning of construction was usuaily long enough to
eliminate most temporary conditions from the before periods.
This, in effect, should have resulted in samples which were

. "unbiased" in the before period.

An interval of time was skipped between completion of con-
struction and initiatlion of the after period to allow
traffic to stabilize. This should have given us an

"unbiased" after period. The construction period was

never inciuded in either the before or after periods.

Often, long-term biases or trends can influence before and
after conditions. These trends can be a change in road
use, lncrease in traffic, or even a change in the weather

to name a few,

In order to visualize these long-~term biases or trends,

accidents within adjacent sections were reviewed. Adja-
cent sectlions were defined to include roadway contiguoﬁs
to the project. The adjacent sections had a traffic ex-
posure as nearly equal to that of the treated sections as

was possible (See Figure 11).

57
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’Wé‘assumed'that tréatéd‘sectibnszwbhld have had the same

change in accldents as thelr adjacent sections "if" they
had not been treated. ‘We took the percent change in adja-
cent section accidents-and multiplied that by treated

section "before" accidents to determine expected or

anticipated after accidents. The difference between
anticipated after accidents and actual after acecidents
should be our true change due to improvement alone, if
sour .adjacent and'treatqd sections were identical "except
for ‘the treatment”.
| FIGURE 11
PROJECT LIMITS

—— ' Direction of Traffiec

.

Sl W AT E L PSSR R L R e

| 0.2 Milex Treated

d' Downstream Pavement

%;xa*j Section Treé_téd Section _|AdJ Section-
—1 - L i1, -

#Grooving and'overlay pfojects only

The "point of impact" or location of accidents was often

misleading; especially in the case of wet accidents. At
‘speeds 1in excess of 60 mph a vehicle can go out of control

an@ '‘move many hundred feet downstream before becomilng
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involved in a collision. Experienée in grooving was
beginning to indicate that grooving should begin a

good distance upétream of wet pavement accident concentra-
tions and before and after studies should include accl-

dents a distance downstream.

If grooving was not carried sufficiently upstream, accl-
dents may be reduced at the location of concentration but
not as significantly as anticipated. Drivers still lost
control, as in the before period, vet §ggg_of them regained
control when they reached the grooved surface. Hence, a

token improvement was ylelded.

Fifteen portland cement concrete grooving projects of this
Part 8 study had sufficiently long, adjacent sections to
analyze accidents upstream and downstream of the projects.
The length of those 15 préjects varied from 0.21 mile to
1.31 miles. (A1l before and after periods were 2 years.)
There was a uniform concentration of accidents 0.1 mile
upstream and between 0.1 and 0.2 mile downstream. A

higher concentration of accldents was indicated between

the end of project and 0.1 mile downstream. Figure 12 gives
a schematic representation of the influence of grooving on

downstream accidents.

«59-
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~ Figure 12

INFLUENCE OF GROOVING ON ADJACENT SECTIONS

PERCENT CHANGE IN ACCIDENTS VERSUS LOCATION

bl Project Limits

/0\' —— —— Wet Acc.
e sz TOtal Ace.

N AGGIDENTS o
PERIOD

J
TER

Downstream of Projects

PERGENT REDUCTION -
FROM BEFORE T0 AF

Probable Trend in
Accidents w/o any
Improvement

.

TRAFFIC FLOW
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D. Significance Testing

We were interested only in the nonrandom accidents. Non-
random accidents were those accldents due to an "accident
causation process". We had to diécount those chance or
random accidents that would have occurred in any case.
Statistics gave us an inference of the likelihood of

. nonrandom events (in our case - accidents).

. - We established, by statistical curves, an estimate of the
percent change in accidents necessary to indicate a "signi-
ficant" enough change for us to conclude that there had been
indeed a caused change and not a random change. A Bureau
of Public Roads (now Federal Highway Administration)
Circular Memorandum (12) dated April 1, 1966, suggested
2 frequently used statistical tests: Polsson Distribution
and chi-square tests. Both tests have limitations and

neither was universally valid for accident studies.

Both tests were plotted on Figure 13 for comparison. Note
that the chi—équare test was more conservative, That is,
it required a higher reduction for significance at 90%
certainty than the Poisson curve required at 95% certainty!
- _ (A normal distribution curve was superimposed to match the

end of the Polsson curve for more than 25 expected accidents.)

We chose to use the more conservative "chl square" statis-

tical test at a 90% level of confidence. This gave us

() denotes reference materlal - Page 53
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results comparable to those cited in reference (gg).
"Yates Correction for Continuity" would have made our
significance test even more conservative and was not

included.

Note that there could be 2 plots; 1 where significantly
more accidents occur in the after period and another
where significantly less accidents occur in the after
period. Both of these curves are plotted on the statis-
tical test figures of Part 8, "Grooved Pavements", of

the Evaluation of Minor Improvements study.

The chi-square curve evaluates the independence of the
"after" sample to that of the "before" sample. A con-
tingency table composed of "cells" representing all the
possible combinations of treatments and responses works
well as long as there are no less than 5 events in any
1 cell (13). Before and after studles can be set up in

a 2 x 2 contingency table format as shown below in

Table 8.
TABLE 8
CONTINGENCY TABLE FORMAT
Before Before Before
Accidents Non-Accidents Vehicles
Af'ter After ‘ After
Accldents Non-Accldents Vehicles
Total Total Total
Accidents Non-Acecldents Vehicles

(_) denotes reference material - Page 53
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‘The above contingency ﬁable was the basis for the following

chi square (X2) equations:

3 Before Acc - Bef Veh
X 2 __[ G‘Otal Acc x Tot Veh):l

(1) Total A Bef Veh
otal ACC X MoE Veh, (Eq. A-1)
—Ekfter Ace _(Total Ace x TA_______gE 322)1
(2) (T o1 A ATt Veh
ovat Acc X Mot Veh, (Eq. A-2)
, Before N'Ace - Bef Veh) |2
ﬂﬂ§3'=[; Q?otal N'Ace x ngjﬁga]
R N Bef Vehy
(Total N*hce X epven Veh) (Eq. A-3)
2
X, El.fter N'Acc —(‘l‘otal NtAce x %—E—gg—gﬂ
(i ~ Total WAC ATE Veh
(0 a ¢e X ot Veh) (Eq. A-4)
2 2 ) 2 - 2 .
X< = X + X,5\ + X + X Eq. A-5
XE =Xy + Xz X)X (Fq. A-5)

‘Ehe tgrms X(g) and X(E) are eitremely small vélues since
there is always a largg.number of nonaccidents in any accli-
dent study. Also, we preferred to substitute "exposure”

fior vehicles. In Ehatfway, we were able to express the

chi square equations ih accldent and acecident exposure
terms. Terms involving'exposure were nondimensional and
corld be expressed in either MV or MVM. When we reduced the

‘dhilsquare equations {for accidents) we had:
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— 2
Bef Exposure)
x?2 = |Bef Acc "(I'Ot Acc X Tog Exposure]
( Bef Exposure
Tot Ace X Tot Exposure)

— 5o
, Aft Exposure

+ Eft ACC -(TOt A.CC X Tot Exposure)]

( Aft Exposure

Tot .Acc X Fog Exposure)

(Eq. A-6)

" When before and after exposures are equal, the above
equation can be reduced to:

X2 = 4 (Bef Acc - 3 x Tot Acc)®
Tot Acc (Eq. A-T)
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APPENDIX B

GROOVING SPECIFICATIONS

(Delete Para. 6 if not applicable.)

(The grooved width shown on the plans
should be 2 feet less than the lane width
rounded to the nearest foot, except that
it should never be less than 9 feet.)

GROOVE EXISTING CONCRETE PAVEMENT.--The surface
of existing concrete pavement shall be grooved at the locations
and to the dimensions shown on the plans. Said grooving shall
conform to the requirements of these special provisions.

Grooved areas shall begin and end at lines normal to the
pavement center line and shall be centered within the lane width,

Grooving blades shall be 0.095-inch wide + 0.003-inch and
shall be spaced 3/4 inch on centers, The grooves shall be cut
not less than 1/8 inch nor more than 1/4 inch deep. The grooves
on bridge decks shall be cut not less than 1/8 inch nor more
than 3/16 inch deep.

The actual grooved area of any selected 2-foot by 100-foot
longitudinal area of pavement specified to be grooved shall be
not less than 95 percent of the selected area. Any area within
the selected area not grooved shall be due only to irregular-
ities in the pavement surface and for no other reason.

Residue from grooving operations shall not be permitted to
flow across shoulders or lanes occupied by public traffic or to
flow into gutters or other drainage facilities. Solid residue
resulting from grooving operations shall be removed from pave-
ment surfaces before such residue is blown by the action of
traffic or wind.

The noise level created by the combined grooving operation
shall not exceed 86 gbha at a distance of 50 feet at right
angles to the direction of travel.

Pavement grooving will be measured by the sqguare yard. The
quantity of pavement grooving to be paid for will be determined
by multiplying the width of the grooved area by the total
horizontal length of lane grooved.

The contract price paid per sguare yard for groove existing
concrete pavement shall include full compensation for furnishing
all labor, materials, tools, equipment and incidentals and for
doing all work involved in grooving the existing concrete pave-
ment, including removing residue, as shown on the plans, as
specified in these special provisions, and as directed by the
Engineer,
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Appendix C
SKID TREATMENT DATA

(CODES FOR TABLE)

Project Identity:
26

project number
0 - pavement type (0-CC; 1-AC)

3 - treatment (see codes below)
2 - type of road (O-conv ; l-express ; 2-freeways)
Treatment Codes
0 - no treatment 5 - grooved 3/16-3/16-5/8
1 - grooved 1/4.1/4.1 6 - grooved 1/8-1/8-1/2
2 - grooved 1/8-1/8.1 7 - grooved 1/8-1/8-3/8
3 - grooved 1/8.1/8.3/4 8 - grooved (miscellaneous)
4 - grooved 1/8-3/16.3/4
Alignment:
6 - horizontal alignment (see codes below)
1 - horizontal curve direction (see codes below)
0 - grade alignment (see codes below)
Horizontal Curve Codes
1 - R < 300-foot Direction
2 - 300= R < 550
3 - 550= R < 850 1l - left
4L - 850= R < 1,150 2 - right
5 - 1,150= R < 1,800 3 - reversing
6 - R=1,800-foot 0 - tangent
7 - Tangent 9 - miscellaneous
g -~ Miscellaneous
Grade Codes
0 - level (T1%) 5 - 3% = Grade < +5%
1 - -17’< Grade < -3% 6 - +5% = Grade
2 - -3%= Grade < -5% 7 - crest vertical
3 - -5%= (rade 8 - sag vertical
4 - t1%4 < Grade < +3% 9 -~ miscellaneous
R = Seasonal Prediction Factor

-69-

vww . fastio.com


http://www.fastio.com/

- 4 . T
uad uuﬂvc VOITJ0(eU |TOG| el O |T00|Tu |20 oo [7Cu |Ge | €20 #E0]eBaLLY AR AR RrAY P RVE] §
S1JE0|00|0D([100|T0 |91 UlCuU|s0|lI00]TT]1C 120 [eGU Ot jreb| ey w8l ]oL D civou|019|cList
A0 ) WOV Relo} KVIVR KoIo} 0l NET0R RN IVE 8 o N REVH R A¢[0R R Qo] FAV <U0 |CUO |UETSYul YLy o990 |Ba) Z|8éo 1oovt
€03 60]00|00|SCO|T0G|Q0L[LU|EG|CTG|SO)20 OUG |CT0 [OL | 990 7L | 090 |346D cl3ud[9is)Ta0vl
903 |cajuu|iajacu|ec|oou{g0|oC |ouu|Co]|TU OCU |900 {0E| 99u] vl osl |86y 218l Tedet |
gogfatloo|ooflo0|1C|80C 60|20 |E00|90]|s0 TIO 2l {Ce|s%u|vLa]| 662|350 gidud|ees| luuet!
elo|LOfI0 )20 |us0|0s |2sufes]9T|cTO|ee|EE BO0 [£90|CT| T4 | %6d | L6513 2943 Nocmﬁ”
BOO 1 c7 |Q0TU |50 |ER |94 0| CL)ET |L90(LC TS bYU JURTIOT| 10| %80 L65|e s 1900 0cT|CEudl
F02[2) |O0 110210121 {(#TU{LT %G |OOCJECTLU BTIO |81d |Je{eso| 990 csl )¢ Zleed culil
Yed|2e 00|00 L0 |81 |Teu|el |ee |sE0|ee]|0E EQU JLSU |G eau|vy9UiEae|d2z Clely|Ley | eIl
BOO|LT |00 |CO|9t0 |81 |[€2U|ed €U |TQuU |OT|BO XAV RV [VR O PSRN FASNE EN-1 3 PNL L) ¢unot
SOQ[ZT30|0U]|S00|TT [6CGU]ET|TIC[0TO(|E0]|TT (CR RV L RACH LR 3 A WE FA-NE RL B Pl LZ3|019| 2001 .
LOO SO0 U900 |0 [SGO %0 (0 %00 |E0 |20 LU OO 0T #4020 |9t et el cuiBd
80D |61 |00 |TOvUG L0 |LOU}EZ |90 |900 40|91 €TI0 |6dG (0T {Pou|Cuo L9 |21t YL U |CEDLD
CRNE FAW JUVE FAvE V] NoR VA O rA el PR L ToN E=Tolo B AR O FVR e |EEV U vLl | cru|TTy vt sy <ULl
LS00 |1 oo |tofLo0 )Lt |tTo|ueeu|s10 (209t t10 |9eU |G [wGC|ehu |1l |ves Cel)|CiG|evlED
L Y12 |0 |00 |00 {2e0 [ ¥T [vEu|0e | TT {900 (T2]2t QR0 |9LC |OC | PaU v | TTH I vEe €ad cQULD

Wwoc e JUOTOJLEL)Le (LU |be [CC |LTO LT |81
010 |BO |00 {00 |TOC |00 |LCU [sO|0U {960 |90 ]s0

Cel|0Eg | cvUL O
ZI 018 | U9

CRAVI FASTON IR BTVl A NN R A
1O |10 |0 950295 |5%) e

CE00 |10 |0u |00 |00 |€0 €GO [To |00 {200 |v0 10 L00 Jwou (02 |ssu|svolesa iy BEU cLOG0
LOY 32|00 |00ITOC |10 |oou (oo |e0 [auo leu]eo GO0 [£00C |02 uet|avolesa e €ix|915|22osc
2031200010900 |¥0 |cco|eo]|To|ovo (Lo lse 116 |8Cu |ee|svufteo|uan|svo GEd ES0Y0
013 (82]00|00|800[€0 (%00 [€0 |50 €00 |T1{b0D 1G {£T0J02 {890 Te0|os|3%2 31291622040
o b ego fed|oooolzoodoo |ecofentto |ovo {yolew Quy 0o |od|gaC|1ealess|ary yA%! lzooeo
cootsd oo |ovlzoo i |uoo |2ze{zo [coo |20 ]|so- Y00 [90U |0 |90 | 160 L5y s8v2 Lid|Eis{cdutw
Lod|ed{oo|oo|eoe|eo|iou|Tolzo]t00 |9G|ED 6U0 |SCU |Gz et |e6o|vsi]awD e Z200¢0
00 |¥2 )00 TO|T100|€0 (200 |40 |e0|e00 j€0 Y0 QU0 600 |G | 20T |69y [ava vidlEes|eedeu
s00|oo |00 (oo ooG |ec |ecu |eo|zo |oco |2o]io SO0 (w00 |0 feuT |eBO|sss Ly {%) U0t

CrH OO0 MM~ ONCCCCOCCOoCCocOoCOOE
MO O CNC MO r OO OO NN O OO
SR A N R S I T SV NI S PR B R O U N N S N O NI A o Y

L AL AV A VI R A A AT L IR AR DR R L D L S VI S L S

€00 |00 G0 j00 000 |00 [TOO [T0 20000 20|00 €U0 JICO [CI{cO0T |68I 145D |LY) 1&3|e19 |0t

{l
_ oix|,_orx| joix| _oix _
. 1) glv |4 Y |8 v 9 |1v] 8 vjiai{via] v g |2 : ' ¥ JIEE 4 > -3
_ . : 3 P ] g 2
—_ . . . . o|lmn|— 1] m ]
ouwu“w_.uw: No-av3H | oNZ-uvay ANO 13m AMOCNL [vava|  viol T [ Y] 948 Ly | 43e Il o 2 z <
31 sunow 2IEISAl D 30
) 16|l »0 4 < d
Yiidy - v SLN3QIDOV = 13M 11 |~
psnunuo] - 3 XIGNaddvy . .

VAVE INFNLYINL aNS

www fastio.com

ClibPD


http://www.fastio.com/

B1J|¥¢|T0(10|Jc0 (b lce0|ve|Te|8rv0lac]oe|0 e |esv (eso|vo]120]sea]lentfatalels|vetloes Nﬂwmmﬁ
LTOJE1 (00|00 T |ie [¥20|2e|60|STO|BT| ¥ 0|0 ]eco [4vo w0 12ul8es|€eet 5| C[G w0 cuibe
BI3|ew|10]c0)0c0|6L|0SO 6| s0|ciT|eel8i|o|o]|sso {eo1|v0| 120|820l cet]0592]s ¥20|6e9|Cilvke
LOO| 100U 00T I0G|Cojcoo|e0foo]oou fou|eo]oo|cao |cuo|otlacolceaf{vetlzetizlzlvesn Uit
cQ3]22|e0(e0|co0|s0|s00|80]v0c00|volao]ofeleou |zivfot] 8ol cen]oetlzei]zle 7001029 0BODEL
tU0| 00 100 |00 [e0GC|e0L0u|vO 00 To0 20 |eo|T e |sou [suu|oT]aco)cenloet]lizi]z] 24V I Guoce
10010 10|00 v00jeofvcoleu|To(coo]|eoleu|o |0 [LGO feea |Gt Beofeed|9et|12E])2[1|v00{019|280c¢€
100|82100)00(000|T0|s00 20| 00fLo0|T10]90]0 |u|svu {suo|oT]|ezo]leeulesalesolelz Gealitig|tgolt
F0011¢100]00(100 )90 900 ]ce|eu|s10|co]et|olo|ecu |scoiot]oeoloealswvelsatizl: chi caooe
11062 |0o00f800 50 |2i0]|s0|s0|Teeis0lst|olol|etu|uvo|o1]veuigcn Rl I51|c)elden|tesZ900¢
LeO|2e |OU|TIO|LYU|BE (20|69 T |TTO|eE|ve|u |G ]seu Juso]9afveolseu]|zsalewtlelviovT FAHI] T4
cSI|BO|T0(C0|990 |97 |[c0Tjce|o6T[we0|Lefbo]|T|0]|12i]esi|vo|veolsen]esa]zytlely Ot lee9|2ited
cGUled|00]00([300(00 |Y00|s0]|¥0 ouo|co|cojouooTu|soulot]esn]serfwyelsaelz]e 750 Zot8e
eGU (O[O0 |GofoD0)e0|suoa0ooleo0eofsC| L [o]soo |sto|oT|€co|8ed|vezlanz|z]e el | 09| cey2
L0O[Z0]0G (10| Y0C[T0 (8O0 |YO[TO 000 |20|{00) L1600 %00 |utleculnzo|evel3az]ele 953 culLe
S00|LIjoojoueou{9c|eu|vo|to|Looleu]|Lolo|ofoiv|e1uloT eel|Blu|ere| 332 e |9ED[0T19]|280ie
600 |ed |DU|0OfLOou 80 |eT0 |2l |Lo]Tvo|eolcu]o|o oy |e1o]ot]esolees]1czluozlzle 58] oopee
e10TL[b0uo| 00 |eo|ueoLofea|eto|it|eofT |t ]eco|etc]|ot]een]Beatftezivoz] el 593|019 ce Q9
SO0 1e0 o0 |T10]sT0|9e |T2ul¥Y | QU200 (0T 91| 0 e |9eu {970 |2a]sco|oca]|see|asrlelzlgenl cupse
PI2{8Ej00|00|310 ]9 I8eco|ve[90|8y0|eT{T1c]|o]e |veu |eso|eolscufoed|sus]ast [ls 130l ceuse
STI[LO|VU00fTTIO]|TC|stu |0 81|s00 (90|20l olecu 600(9s]%eu]bED AL NA RS PRV cUO¥e
CLOJ)CLI00 0G| 100G |LG {BUD |80lco|810|v0|60|0 o]0 |v20]velvenlezntetslsavlely Leo|ato|ceuvwe
9001L0JOGCO[¥00 Y0 |6Uulsu|TO|S00]e0lec|ufouTo |TTo|ofeiu]seslivalses]T Plakld AV YA
200 16T U0 [00[200 IR0 |TI0[90|0C0(L10 LO[CT U (w210 |20 |30 810 Bea| L9932 v|sid|s0L]ccuee
Qo000 ou 0000 (oo jauc]ig]levtouu|oo|co|ofofoos [soujvetveoieea|een]lstalelt Rl 0LL]GLOTE
10003 |oujooulzoo|uu|Too|taoufooc|eoltolt|c|voo (1vufve|veoleen]l ceg SLI 2|1 #1200l CLaGE
10O 03|00 00| G0 |G TUolTojou]ocuoo|oofulo oo [ivo |veleculecofonsfeaslele 80U GOL| cL 061
-100{Q0) 00|00 000G iU |ToO[lojooleocfoClic{u o100 |cou|oelseclees]ens]|eza]e]zlenn OOL)2LOBT
#00]20}10]00{s00]c0|et0jz0]c0]200|oT|zof T os10 [0y [s2|orofuco|953|vaa] e c|evd|oea|ziait

s |, onx|, _oix{ joix| ,0ux
Yy |28V |4 v |8 vig|v| 4 vig|vida] v | 2 i ¢ m m S 4 W 57
Lo3r80 | no-avan | anz-uvaw | amo 13m AN fwava]  awaor % [AAY] 438 |uav [aEs IS T IS m 2 2o
a3x14 LK , U Ly 4 Sm
8 SHNOH 21Z|°al D 390
d3ldv - ¥ SLNIAIDDY N 13M m w20 -4 <
W0438 - @ IN3o¥ad | Lavy
psnutjiod J XIONAddY
YiVQ ININLVIYL QS

ChihPDF - www.fastio.com


http://www.fastio.com/

*0LOYS OUdEY MJd WL 24~-TT TSEET

Vezolo1]v0lcolwen[iz [zsolvyoclous [oe]oz|e|T [czoeso [wolete|Tto]vey|cea[i|v]aci] Tivlwy
oeoloel1olooloso |ty jeculze |9t ]evo |sn 1910 i |sBU [YT1 Y0 |Led | TTO 0L CEF|T[R}OT110CR 2eldy .
gosleolooloaltocloolzov]|ea|oc{ooo|eul2c]a O e |eCt (UTfvrulacOlBTTfall|Ticlesd Tult®
00|33 00}10[{00C]|2U |TOU|L0[00]900 |TC|LC |0 T TOL Bl Gl wvu|odu|gitlaTi)tjelerufjeig)leley’
violstlooloofjecolce [8s0fos|9u|eo |[€T{9T |0 (0 [¥90 {esu |G CEG| 920 e Fbe] )7 |LBD coucy
vealeslooliolezolot lsee|os|ou|zeo |eelze |11 |¥eu (220 |0T U0 |9eu]eey|ave |7 |130]619}cF0EY:

Jc10|et |IG|00)2es [T sy 0|9 111800 |Te(ul Pli|eot Jecu |OT]GéL vealeeyr|vhe ||y ]|aLn cauly
g9zaloelouloolszal9t |seo|Ce{so|Lio|pelvT (o |olosy [Lv0|Cl|Ceu|9e0|eey|7vELlY[aad YRR FAIV] S
g1olstlzoloolstolen |veulaz|au|sOu|¥T |90 [T [G{EHD |9QU LT |6To[YEUbbE el 1990 ANVIE S
1zcleeloclonli1oleo lseolie|el fo00|p 19t o 0190 [0%0 Ol joTl|v2ufboE| e || 7|35 119 LFu0Y!
ctolgilooioo)oiolii|9e0]ic|6C|OTOL0JL0 0 |USEDd [leG UT|6TI0}920}605|Jdv|c|7 1§49 Zuie6e
zialsolooltoleto|vt ficu|oeteojouolgofst|o jo|veC [L20{ultelD|9ed]|sbs| o7 c|P TR TOGL ¢9%ut -
gzolseluuloo|sco oz [civ|eg 1T |e00 |ee |l G| 8D (120 (C1}6T0U|Fc0] LGy |J9E 7| lGL cilBe .
€g2|zs1olo0|ten|ve [Loofss|solieo|oefez|e|ojest |Zou (CT B I0l920 L5 [D9E |ty Tet]eey]esoae f
czoolteloo ool 100 |zo 12GG G TO{OUG |10 TO |0 |1 [200 |€00 (0T eed | 0|91 52T L ab) cGULe ;
1ool9ctio]|iolevole |00 |20 00600 |20|s0{0 0700 [TT0 DU el | 70| 9EE]5CT]c ol vig|éeuie’
ccojeoltoloult1oo |00 %00 16|20 eG0 |20 20T |0 f9UC |LOL |OU{beI|0ED|SGT 7| |EY cUo9t ]
00411 [00]|00| 000 |00 [TOU|eG]OU|OTI0ITUIBO(C [THTOU cig|oc]|secjocu|estiovije|e|6cd|tegfcetive
sedlse{ou|iofoso|ze [e90|6a|2e [0cufev|sE [T |0] %60 [GBO|%0] 126G 82T | 60L]3L9)C]5 74 eulse

- e | L00% ] 0] JOux] S0IX ] ;
v (v |4 v | g Yy 18|V ]| 9 viagvial v | d 7 w m S 4 w m v
LOArA0 1 yo-qyan | onz-uvay ANC e e |wava|  wior | & (Y] AR e (ST D 2 z &
Qax1d LIH . . . wiz |3 3| m dm
° SHNOH , pa mlaml 2 M_ m
HILIY — ¥ SINSQIDDV » 13m 2l -e| 4
3yod3g — 8 IN3D¥3d LAVY : ' :
” _ - papnpRuey-J XIANIddY
'VLvd INIRLY3YL Qi S

ClihPDFE - www fastio.com


http://www.fastio.com/

	E:\images\000013\00001322.tif
	image 1 of 84
	image 2 of 84
	image 3 of 84
	image 4 of 84
	image 5 of 84
	image 6 of 84
	image 7 of 84
	image 8 of 84
	image 9 of 84
	image 10 of 84
	image 11 of 84
	image 12 of 84
	image 13 of 84
	image 14 of 84
	image 15 of 84
	image 16 of 84
	image 17 of 84
	image 18 of 84
	image 19 of 84
	image 20 of 84
	image 21 of 84
	image 22 of 84
	image 23 of 84
	image 24 of 84
	image 25 of 84
	image 26 of 84
	image 27 of 84
	image 28 of 84
	image 29 of 84
	image 30 of 84
	image 31 of 84
	image 32 of 84
	image 33 of 84
	image 34 of 84
	image 35 of 84
	image 36 of 84
	image 37 of 84
	image 38 of 84
	image 39 of 84
	image 40 of 84
	image 41 of 84
	image 42 of 84
	image 43 of 84
	image 44 of 84
	image 45 of 84
	image 46 of 84
	image 47 of 84
	image 48 of 84
	image 49 of 84
	image 50 of 84
	image 51 of 84
	image 52 of 84
	image 53 of 84
	image 54 of 84
	image 55 of 84
	image 56 of 84
	image 57 of 84
	image 58 of 84
	image 59 of 84
	image 60 of 84
	image 61 of 84
	image 62 of 84
	image 63 of 84
	image 64 of 84
	image 65 of 84
	image 66 of 84
	image 67 of 84
	image 68 of 84
	image 69 of 84
	image 70 of 84
	image 71 of 84
	image 72 of 84
	image 73 of 84
	image 74 of 84
	image 75 of 84
	image 76 of 84
	image 77 of 84
	image 78 of 84
	image 79 of 84
	image 80 of 84
	image 81 of 84
	image 82 of 84
	image 83 of 84
	image 84 of 84




